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(57) ABSTRACT 

A two-dimensional array ultrasonic probe comprises printed 
circuit boards, each carrying piezoelectric vibrators arranged 
in the form of a matrix and adapted to draW signal leads and 
grounding Wires from the vibrators through the gaps sepa 
rating the columns of the matrix. A roW of vibrators are 
arranged in an array on each of the printed circuit boards and 

(21) Appl, No,: 09/820,886 then the printed circuit boards carrying vibrators are 
arranged in the column to produce a two-dimensional array 

(22) Filed: Mar. 30, 2001 transducer. 
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ULTRASONIC PROBE, METHOD OF 
MANUFACTURING THE SAME AND 

ULTRASONIC DIAGNOSIS APPARATUS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions No. 2000-159179 ?led Mar. 31, 2000 and No. 2000 
118572 ?led Apr. 9, 2000, the entire contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to an ultrasonic probe to be 
used for ultrasonic diagnosis and ultrasonic ?aW detection, 
a method of manufacturing such a probe and an ultrasonic 
diagnosis apparatus comprising such a probe. 

[0003] Conventional ultrasonic probes utiliZed for ultra 
sonic diagnosis apparatus comprise a one-dimensional array 
probe formed by arranging short strip-shaped (narroW box 
shaped) pieZoelectric vibrators in an array. This is because a 
technique referred to as an electronic scanning method is 
generally used for ultrasonic scanning operations for good 
reasons. With the electronic scanning method, the ultrasonic 
vibrators of the array are provided With respective delay 
times When focussing the pulse to be transmitted or the 
received signal. Since this method alloWs high speed scan 
ning and high speed alteration of the focal point of the 
ultrasonic beam to be transmitted or the received ultrasonic 
beam, it is in the main stream of ultrasonic scanning. 

[0004] With the above electronic scanning method, in the 
case of a one-dimensional array probe, the operation of 
electronic focussing can be conducted on an ultrasonic Wave 
in the direction of arrangement of the pieZoelectric vibrators 
and an ultrasonic beam can be used for scanning. HoWever, 
only an acoustic lens can be used for focussing in a direction 
perpendicular to the direction of arrangement (and hence to 
the surface to be scanned by the ultrasonic Wave. This means 
that it is not possible to dynamically change the focal point. 
Additionally, any scanning operation using an ultrasonic 
beam cannot be conducted tWo-dimensionally (on a plane) 
because pieZoelectric vibrators are arranged only one-di 
mensionally in conventional ultrasonic probes. 

[0005] In recent years, efforts have been made to develop 
systems for three-dimensionally collecting and displaying 
ultrasonic images by arranging vibrators (ultrasonic vibra 
tors) in the form of a matrix, dynamically focussing the 
ultrasonic beam in all directions and using the ultrasonic 
beam for three-dimensional scanning. 

[0006] For such a system to be realiZed, it is necessary to 
use a tWo-dimensional array ultrasonic probe comprising 
tWo-dimensionally arranged vibrators. In other Words, the 
use of a tWo-dimensional array ultrasonic probe is a prereq 
uisite for realiZing omnidirectional focussing and high speed 
three-dimensional scanning of ultrasonic Waves. 

[0007] Generally, in tWo-dimensional array probes, vibra 
tors are arranged in the form of a matrix of m roWs and n 
columns. In order to realiZe three-dimensional dynamic 
focussing and three-dimensional beam scanning to a satis 
factory extent, a number greater than 50 have to be selected 
for m and also for n and vibrators have to be arranged at a 
micro-pitch of less than 0.5 mm. Then, more than 2,000 
channels of Wires have to be led out of an area of about 2 cm 

square. 
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[0008] MeanWhile, a number of proposals have been made 
for realiZing tWo-dimensional array probes particularly in 
terms of process and con?guration. For example, Japanese 
Patent Application KOKAI Publication No. 59-152800 dis 
closes a method of manufacturing a tWo-dimensional array 
probe, Which Will be summarily described beloW. 

[0009] Firstly, a grounding plate and a ?exible printed 
circuit board (FPC) are connected respectively to the front 
and rear surfaces of a raW pieZoelectric vibrator and a 
backing member and an acoustic adjustment layer are 
formed as in the case of a one-dimensional array probe. 
Then, the grounding plate and the FPC are bent in an 
appropriate manner. Subsequently, the vibrator is diced to 
produce array vibrators and signal leads and grounding 
Wires are led out from the respective lateral sides of the 
vibrators to produce a one-dimensional array transducer. A 
tWo-dimensional array ultrasonic probe is produced by 
bonding a plurality of such one-dimensional array transduc 
ers. 

[0010] Japanese Patent Application KOKAI Publication 
No. 2000-138400 discloses an ultrasonic probe comprising 
layer-built electronic components, including layer-built 
pieZoelectric elements and a ?exible printed circuit board 
bonded to the layer-built pieZoelectric elements. In this 
ultrasonic probe, every other electrode is selected in the 
layer direction of the pieZoelectric elements and the selected 
electrodes are electrically connected together by means of an 
electrode pattern of the ?exible printed circuit board to form 
a ?rst group of electrodes, While the remaining electrodes 
are connected together to form a second group of electrodes. 
An end of the electrode pattern of the ?exible printed circuit 
board is used as the electrode section for external connection 
that is also electrically connected to the tWo groups of 
electrodes. 

[0011] Besides the above probes, many other tWo-dimen 
sional array ultrasonic probes have been proposed and 
include those obtained by tWo-dimensionally arranging elec 
trode draWing out terminals in the form of a matrix, draWing 
out leads therefrom, connecting a pieZoelectric vibrator plate 
onto a substrate and dividing the pieZoelectric vibrator plate 
into matrix in such a Way that each vibrator is found on an 
electrode draWing out terminal. 

[0012] HoWever, With any of the knoWn methods, it is 
dif?cult to realiZe a tWo-dimensional array probe comprising 
a large number of vibrators that are arranged at a micro-pitch 
With a high productivity and loW cost. 

[0013] MeanWhile, PZT (lead Zirconate-titanate) type 
pieZoelectric ceramic materials and lead relaxatitanate type 
pieZoelectric monocrystalline materials are used as ultra 
sonic Wave receiving materials in the ?eld of medical 
ultrasonic diagnosis apparatus and non-destructive testing 
apparatus. 

[0014] Additionally, as pointed out above, efforts have 
been made to develop tWo-dimensional probes comprising 
tWo-dimensionally arranged rod-shaped vibrators. By using 
rod-shaped vibrators, it is possible to use k33 corresponding 
to the longitudinal vibration of a rod for the vibration mode. 
The value of k33 is found betWeen 60 and 80% in the case 
of PZT type ceramic materials and 80 and 94% in the case 
of relaxa-titanium type monocrystalline materials. These 
values are promising for realiZing high sensitivity probes. 
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[0015] The technology of THI (Tissue Harmonic Imaging) 
is currently used to capture minute blood How in the ?eld of 
ultrasonic diagnosis apparatus. With the technology of THI, 
higher harmonics of the second degree of the transmitted 
ultrasonic Wave (echo) are received and detected. Therefore, 
conventional ultrasonic probes realiZed by adopting the THI 
technology are forced to use the resonance frequency of the 
pieZoelectric vibrators either for Wave transmission or for 
Wave reception or compromise the requirement of transmis 
sion and that of reception at the cost of sacri?cing the 
frequency characteristics of the pieZoelectric vibrators to a 
certain extent. As a result, problems arise including an 
undesired high drive voltage transmitted from the drive 
circuit and/or a reduced reception sensitivity. 

[0016] Japanese Patent Application KOKAI Publication 
No. 11-234797 discloses a technology of using different sets 
of pieZoelectric vibrators for ultrasonic Wave transmission 
and reception. According to the patent document, pieZoelec 
tric vibrators are arranged in a single layer as reception 
vibrators While transmission vibrators are arranged to form 
a thin multilayer structure to raise the intensity of the 
transmitted ultrasonic Wave. HoWever, any tWo arrange 
ments of pieZoelectric vibrators of the same pieZoelectric 
material formed at the same thickness shoW a substantially 
similar center frequency in the operating frequency band. 
Therefore, the use of the technology of Japanese Patent 
Application KOKAI Publication No. 11-234797 for THI 
does not signi?cantly improve the reception sensitivity. 

[0017] The above problems are particularly serious in 
two-dimensional array probes because down-sized vibrators 
are used there to make each vibrator shoW a reduced 
transmission/reception capacity. 
[0018] On the other hand, in conventional tWo-dimen 
sional array probes, a single pieZoelectric vibrator is divided 
to form a tWo-dimensional array typically in the manner as 
described in Japanese Patent Application KOKAI Publica 
tion No. 7-170600. 

[0019] With the technique disclosed in the above patent 
document, hoWever, neWly manufactured ultrasonic probes 
that mostly contain good vibrators can become faulty if they 
have even a feW defective vibrators, brought about by 
electrodes peeling off When the single pieZoelectric vibrator 
is cut. Therefore, a high manufacturing yield cannot be 
expected With the technique. 

[0020] Japanese Patent Application KOKAI Publication 
No. 11-234797 discloses technique of uniformly rearranging 
the produced vibrators With reduced intervals. HoWever, 
such a rearranging operation requires an extremely high 
level of precision. 

[0021] Thus, conventional ultrasonic diagnosis apparatus 
employing the technology of THI are accompanied by the 
need of using an undesired high drive voltage transmitted 
from the drive circuit and/or the problem of a reduced 
reception sensitivity. 
[0022] On the other hand, manufacturing tWo-dimensional 
arrays requires an extremely high level of precision and 
hence cannot be expected to provide a high manufacturing 
ef?ciency. 

BRIEF SUMMARY OF THE INVENTION 

[0023] In vieW of the above circumstances, it is therefore 
an object of the present invention to provide a tWo-dimen 
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sional array ultrasonic probe that can be manufactured easily 
and ef?ciently and operates With a high sensitivity and loW 
inter-vibrator cross talk, a method of manufacturing such a 
probe and an ultrasonic diagnosis apparatus comprising such 
a probe. 

[0024] Another object of the present invention is to pro 
vide an ultrasonic probe adapted to THI technology that can 
suitably be used for ultrasonic diagnostic operations using 
THI technology to realiZe loW poWer consumption and high 
sensitivity, a method of manufacturing such an ultrasonic 
probe in a simple Way and an ultrasonic diagnosis apparatus 
comprising such a probe. 

[0025] In a ?rst aspect of the invention, the above objects 
are achieved by providing an ultrasonic probe comprising a 
plurality of pieZoelectric vibrators, a plurality of substrates 
having a plurality of signal lines on one of the surfaces 
thereof, the plurality of pieZoelectric vibrators being 
arranged to form an array and one of the vibrator connected 
respectively to one of the signal lines, the plurality of 
substrates being arranged at predetermined intervals so that 
the plurality of pieZoelectric vibrators is arranged in matrix 
arrangement, and a holding means for rigidly holding the 
plurality of substrates. 

[0026] Thus in the ?rst aspect of the invention, it is 
possible to provide a tWo-dimensional ultrasonic probe 
Wherein printed circuit boards are arranged in the respective 
gaps separating the tWo-dimensionally arranged pieZoelec 
tric vibrators so as to draW electric Wires therefrom for 
connection With the signal electrodes and the electrode 
connectors at lateral sides of the vibrators are connected 
respectively to the corresponding electric connectors on the 
printed circuit boards so that the signal lines from the signal 
electrodes of the pieZoelectric vibrators can be taken out on 
a column by column basis. 

[0027] In a second aspect of the present invention, there is 
provided an ultrasonic probe comprising a plurality of ?rst 
vibrators adapted to transmit a ?rst ultrasonic Wave in a ?rst 
frequency band to an object of examination and a plurality 
of second vibrators adapted to receive the re?ected Waves 
from the object of examination produced on the basis of the 
?rst ultrasonic Wave in a second frequency band, the plu 
rality of ?rst vibrators and the plurality of second vibrators 
being arranged in the form of a matrix to produce an 
ultrasonic Wave irradiation surface, the center frequency of 
the second frequency band being higher than the center 
frequency of the ?rst frequency band. 

[0028] Differently stated, tWo groups of vibrators With 
different resonance frequencies are used respectively as 
vibrators for transmitting an ultrasonic Wave and those for 
receiving an ultrasonic Wave in an ultrasonic probe. With 
this arrangement, an ultrasonic Wave having a frequency 
different from that of the transmitted ultrasonic Wave can be 
detected With a high sensitivity. 

[0029] Generally, With THI technology adapted to receive 
the higher harmonics of the second degree of echo of an 
ultrasonic Wave, it is desirable that the resonance frequency 
of the Wave receiving vibrators is higher than that of the 
Wave transmitting vibrators. To be more speci?c, the reso 
nance frequency of the Wave receiving vibrators is higher 
than that of the Wave transmitting vibrators preferably by 1.5 
to 3 times, more preferably by about tWo times. 
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[0030] Therefore, in the second aspect of the invention, an 
ultrasonic probe according to the invention can shoW an 
improved sensitivity for receiving an ultrasonic Wave and a 
reduced drive voltage for transmitting an ultrasonic Wave. 

[0031] In a third aspect of the invention, there is provided 
an ultrasonic diagnosis apparatus comprising an ultrasonic 
probe having a plurality of ?rst vibrators adapted to transmit 
a ?rst ultrasonic Wave in a ?rst frequency band to an object 
of examination and a plurality of second vibrators adapted to 
receive the re?ected Waves from the object of examination 
produced on the basis of the ?rst ultrasonic Wave in a second 
frequency band, a drive circuit for driving the ?rst vibrators 
With a signal having a predetermined frequency and a 
detection circuit for detecting the reception signal received 
by the second vibrators and taking out the higher harmonics 
of the second degree of the signal having the predetermined 
frequency. 

[0032] Thus, an ultrasonic diagnosis apparatus in accor 
dance With the third aspect of the invention can shoW an 
enhanced level of reception sensitivity and operates With a 
reduced drive voltage for transmitting an ultrasonic Wave. 

[0033] In a fourth aspect of the invention, there is provided 
an ultrasonic diagnosis apparatus comprising an ultrasonic 
probe having a plurality of pieZoelectric vibrators including 
a plurality of ?rst vibrators adapted to transmit a ?rst 
ultrasonic Wave in a ?rst frequency band to an object of 
examination and a plurality of second vibrators adapted to 
receive the re?ected Waves from the object of examination 
produced on the basis of the ?rst ultrasonic Wave in a second 
frequency band, a plurality of substrates carrying a plurality 
of signal lines on one of the opposite surfaces thereof, the 
plurality of pieZoelectric vibrators being arranged to form a 
matrix and connected respectively to the signal lines on a 
one to one basis, the plurality of substrates being arranged 
at predetermined intervals so as to adapt themselves to the 
matrix arrangement of the plurality of pieZoelectric vibra 
tors, and a securing means for rigidly securing the plurality 
of substrates, a drive circuit for driving the ?rst vibrators 
With a signal having a predetermined frequency and a 
detection circuit for detecting the reception signal received 
by the second vibrators and taking out the higher harmonics 
of the second degree of the signal having the predetermined 
frequency. 

[0034] Thus, an ultrasonic diagnosis apparatus in accor 
dance With the fourth aspect of the invention can shoW an 
enhanced level of reception sensitivity and operates With a 
reduced drive voltage for transmitting an ultrasonic Wave. 

[0035] In a ?fth aspect of the invention, there is provided 
a method of manufacturing an ultrasonic probe comprising 
a step of electrically connecting the electrodes of a plurality 
of layer-built pieZoelectric vibrators respectively to corre 
sponding signal lines arranged at a predetermined pitch on 
one of the surfaces of a plurality of substrates and mounting 
the layer-built pieZoelectric vibrators With the lateral sur 
faces thereof held in contact With the respective substrates 
and a step of forming an ultrasonic Wave transmitting 
surface carrying thereon the layer-built vibrators arranged 
tWo-dimensionally by arranging the plurality of substrate 
With the plurality of layer-built vibrators mounted thereon. 

[0036] With the method of manufacturing an ultrasonic 
probe in accordance With the ?fth aspect of the invention, it 
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is noW possible to manufacture an ultrasonic probe With a 
high sensitivity and loW intervibrator cross talk relatively 
easily in order to realiZe a high manufacturing ef?ciency. 

[0037] Additional objects and advantages of the present 
invention Will be set forth in the description Which folloWs, 
and in part Will be obvious from the description, or may be 
learned by practice of the present invention. 

[0038] The objects and advantages of the present inven 
tion may be realiZed and obtained by means of the instru 
mentalities and combinations particularly pointed out here 
inafter. 

BRIEF DESCRIPTION OF THE VIEWS OF THE 
DRAWING 

[0039] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the present invention 
and, together With the general description given above and 
the detailed description of the preferred embodiments given 
beloW, serve to eXplain the principle of the present invention. 

[0040] FIG. 1 is a schematic block diagram of an ultra 
sonic diagnosis apparatus according to the invention; 

[0041] FIG. 2 is a schematic perspective vieW of a tWo 
dimensional array ultrasonic probe according to the inven 
tion; 

[0042] FIGS. 3A, 3B and 3C are schematic perspective 
vieWs of a printed circuit board 15, illustrating different 
steps of mounting pieZoelectric vibrators; 

[0043] FIGS. 4A, 4B and 4C are schematic perspective 
vieWs of a printed circuit board 15, illustrating different 
steps of mounting pieZoelectric vibrators; 

[0044] FIGS. 5A and 5B are schematic perspective vieWs 
of a group of vibrators, illustrating different steps of arrang 
ing them in the form of a matriX; 

[0045] FIGS. 6A, 6B and 6C are schematic perspective 
vieWs of a group of vibrators, illustrating the different steps 
of arranging them in the form of a matriX; 

[0046] FIGS. 7A, 7B and 7C are schematic perspective 
vieWs of a group of vibrators, illustrating the different steps 
of forming leads for grounding electrodes and an acoustic 
adjustment layer along With other components; 

[0047] FIGS. 8A and 8B are schematic vieWs of a printed 
circuit board 16, illustrating different steps of mounting 
pieZoelectric vibrators; 

[0048] FIG. 9 is a schematic perspective vieW of an 
embodiment of ultrasonic probe 10 according to the inven 
tion; 

[0049] FIG. 10 is a schematic circuit diagram illustrating 
a mode of connecting an ultrasonic probe 10 and an ultra 
sonic diagnosis apparatus 1; 

[0050] FIG. 11 is a schematic perspective vieW of a 
pieZoelectric vibrator 11; 

[0051] FIG. 12 is a schematic perspective vieW of a 
pieZoelectric vibrator obtained by modifying that of FIG. 
11; 
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[0052] FIGS. 13A through 13I are schematic views of 
layer-built piezoelectric vibrators in different manufacturing 
steps; 

[0053] FIGS. 14A and 14B are schematic vieWs of a 
2-cycle vibrator; 
[0054] FIG. 15 is a graph showing the frequency charac 
teristics of a 2-cycle vibrator; 

[0055] FIG. 16 is a schematic perspective vieW of a 
printed circuit board, illustrating a method of mounting 
layer-built pieZoelectric vibrators for Wave transmission, 
layer-built pieZoelectric vibrators for Wave reception and 
unused vibrators on the printed circuit board; and 

[0056] FIG. 17A is a schematic perspective vieW of a k33 
type layer-built pieZoelectric vibrator 30, FIG. 17B is a 
schematic perspective vieW of a k31 type layer-built pieZo 
electric vibrator and FIG. 17C is a perspective vieW of a 
printed circuit board, illustrating a method of mounting a 
k31 type layer-built pieZoelectric vibrator thereon. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0057] NoW, the present invention Will be described in 
greater detail by referring to the vieWs of the draWing that 
illustrate ?rst and second embodiments of the invention. 
Throughout the vieWs, components that are the same or 
similar in terms of function and con?guration are denoted by 
the same reference symbol and Will not be described repeat 
edly unless necessary. 

[0058] (1st Embodiment) 
[0059] Firstly, the con?guration of this embodiment of an 
ultrasonic diagnosis apparatus and ultrasonic probe Will be 
brie?y described. 

[0060] FIG. 1 is a schematic block diagram of this 
embodiment of an ultrasonic diagnosis apparatus 1. 

[0061] As shoWn in FIG. 1, the ultrasonic diagnosis 
apparatus 1 comprises an ultrasonic probe 10, an apparatus 
main body 40 and an input section 60. 

[0062] The ultrasonic probe 10 is adapted to be brought 
into contact directly or by Way of an acoustic coupler With 
an object of examination in order to transmit and receive 
ultrasonic Wave signals. The ultrasonic probe 10 comprises 
pieZoelectric vibrators. A probe formed by one-dimension 
ally arranging pieZoelectric vibrators is referred to as a 
one-dimensional array probe While a probe formed by 
tWo-dimensionally arranging pieZoelectric vibrators is 
referred to as tWo-dimensional array probe. The con?gura 
tion of the ultrasonic probe 10 Will be described in greater 
detail hereinafter. 

[0063] The input section 60 is connected to the apparatus 
main body 40 and typically comprises buttons, a keyboard 
and a trackball that are used by the operator to input 
instructions for controlling the diagnosis apparatus and 
selecting parameters for de?ning the image quality. 

[0064] The apparatus main body 40 comprises an ultra 
sonic Wave transmission unit 41, an ultrasonic Wave recep 
tion unit 42, a B mode processing circuit 43, a Doppler 
processing circuit 44, an image processing circuit 45, an 
image memory circuit 46, a display section 48, a storage 
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medium 50 and a controller 52. The apparatus main body 40 
is used to drive the ultrasonic probe 10 and processes the 
reception signal obtained from the object of examination by 
Way of the ultrasonic probe 10. The above components 
operate in a manner as described beloW. 

[0065] The ultrasonic transmission unit 41 includes a 
trigger generator, a delay circuit and a pulser circuit (not 
shoWn) and generates a convergent ultrasonic pulse by 
generating a pulse-shaped ultrasonic Wave and transmitting 
it to the vibrators of the probe 10. The transmission unit 41 
is provided With a sWitch function and adapted to instanta 
neously change the transmission frequency and the trans 
mission drive voltage, according to instructions of the con 
troller 52. Particularly, the transmission drive voltage can be 
instantaneously shifted by arranging a linear ampli?er type 
transmission circuit or by electrically sWitching a plurality 
of poWer source units. 

[0066] The ultrasonic transmission unit 41 transmits an 
ultrasonic Wave according to a predetermined sequence of 
operation under the control of the controller 52. 

[0067] The ultrasonic reception unit 42 receives the echo 
signal output from each of the vibrators of the probe 10 and 
scattered in the tissues of the object of examination. The 
received echo signals are ampli?ed by a preampli?er 
arranged for each channel in the ultrasonic reception unit 42, 
subjected to A/D conversion, provided With a delay time 
necessary for determining the reception directivity by a 
reception delay circuit and then added by an adder. The 
adding operation is designed to emphasiZe the re?ection 
component from the direction corresponding to the reception 
directivity of the re?ected Wave so that a comprehensive 
ultrasonic beam can be formed for both transmission and 
reception on the basis of the transmission directivity and the 
reception directivity obtained by the above processing 
operation. 

[0068] With regard to the echo signal input from the 
ultrasonic reception unit 42, the B mode processing circuit 
43 is adapted to perform an processing operation for loga 
rithmic ampli?cation of echo signals and envelope detection 
on the input echo signals in order to generate data expressing 
the signal intensity by brightness. 

[0069] The Doppler processing circuit 44 performs fre 
quency analysis on the speed information from the echo 
signals and transmits the obtained result of the analysis to 
the image processing circuit 45. 

[0070] The image processing circuit 45 transforms the 
string of scanning line signals obtained by ultrasonic Wave 
scanning into a string of scanning line signals in a standard 
video format. Additionally, the image processing circuit 45 
displays video signals synthetically produced from character 
information on selected various parameters and scales on the 
display section 48. As a result, a tomographic image shoW 
ing the pro?le of the probed tissues of the object of exami 
nation is displayed on the display section 48. The image 
processing circuit 45 also generates a TIC (Time Intensity 
Curve) on the basis of a plurality of pieces of ultrasonic 
image information obtained by the ultrasonic probe. 

[0071] The image memory circuit 46 comprises a storage 
memory for storing image data. The information stored in 
the image memory circuit 46 can be retrieved after the 
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diagnosis and a moving image can be formed and displayed 
by using a plurality of images stored in the memory circuit. 

[0072] The storage medium 50 stores a diagnosis analysis 
program, Which Will be described hereinafter. It can also be 
used for storing images in the image memory circuit 46. 

[0073] The controller 52 operates as information process 
ing device (computer). In other Words, it is the control means 
for controlling the operation of the ultrasonic diagnosis 
apparatus main body 11. The controller 52 is adapted to 
change, if necessary, the conditions of transmission of the 
transmission unit such as the frequency and the drive voltage 
and combine the information on the conditions of transmis 
sion and the diagnostic image obtained under those condi 
tions and add the obtained data to the image information or 
store them in the storage medium. 

[0074] (Ultrasonic Probe) 
[0075] NoW, the con?guration of the ultrasonic probe 10 
Will be described in detail. For the purpose of keeping the 
integrity of the overall description, assume that the ultra 
sonic probe 10 is a tWo-dimensional array ultrasonic probe, 
although the folloWing description is equally applicable to a 
one-dimensional array ultrasonic probe. 

[0076] FIG. 2 is a schematic perspective vieW of the 
tWo-dimensional ultrasonic probe 10. 

[0077] Referring to FIG. 2, the tWo-dimensional array 
ultrasonic probe 10 comprises grounding electrodes 110, 
signal electrodes 111 and a plurality of pieZoelectric vibra 
tors 11 arranged in the form of a matrix along With signal 
lines 151, ground connection pads 152 and signal connec 
tion pads 152 arranged on a side of the probe (see FIGS. 3A 
through 3C) as Well as printed circuit boards 15 arranged in 
parallel With each other to ?ll the respective gaps separating 
the pieZoelectric vibrators 11 and a backing member 17 
pinching the printed circuit boards 15. 

[0078] Piezoelectric vibrators 11 are arranged along an 
edge of each printed circuit board 15 at regular intervals. 
Each pieZoelectric vibrator 11 is provided on each of the 
opposite sides facing respective printed circuit boards 15 
With an electrode connecting section 112 to be electrically 
connected to one of the signal lines 151 of the corresponding 
printed circuit board 15 (see FIG. 3A). Each pieZoelectric 
vibrator 11 additionally has a signal electrode 111 and a 
grounding electrode 110 that are thicker than comparable 
ordinary electrodes. 

[0079] Each printed circuit board 15 to be used for leading 
signals is provided With signal lines 151 corresponding to 
the respective vibrators that are arranged tWo-dimensionally, 
signal connection pads 153 to be connected to respective 
signal electrodes 111 and ground connection pads 152 to be 
connected to respective grounding electrodes 110. Each of 
the signal connection pads 153 and 152 has a solder layer on 
some of the surfaces thereof. The ground connection pads 
152 are used to hold the vibrators. The leads of the ground 
ing electrodes 110 to be used for the purpose of grounding 
Will be described hereinafter. 

[0080] The backing member 17 is arranged along the 
backs of the corresponding pieZoelectric vibrators 11 to 
mechanically support the pieZoelectric vibrators 11. The 
backing member 17 operates to brake the pieZoelectric 
vibrators 11 in order to curtail the ultrasonic pulse. The 
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backing member 17 is made to be sufficiently thick shoW a 
thickness suf?ciently large relative to the Wavelength of the 
ultrasonic Wave to be used for the probe in order to make the 
transducers operate With good acoustic characteristics (and 
satisfactorily attenuate the ultrasonic Wave). 

[0081] (Method of Manufacturing Ultrasonic Probe 10) 

[0082] NoW, a method of manufacturing a tWo-dimen 
sional array ultrasonic probe 10 Will be described. 

[0083] Referring to the draWing, this manufacturing 
method comprises a step of mounting a plurality of pieZo 
electric vibrators 11 on each printed circuit board 15, a step 
of arranging a plurality of printed circuit boards 15 at a 
predetermined pitch to produce a group of pieZoelectric 
vibrators arranged in the form of a matrix and a step of 
forming lead Wires of the grounding electrodes and an 
acoustic adjustment layer. Each of the steps Will be dis 
cussed in detail beloW. Note that the backing member 17 is 
provided in the step of forming a tWo-dimensional ultrasonic 
Wave irradiation surface. 

[0084] (1) Mounting PieZoelectric Vibrators 11 on a 
Printed Circuit Board 15 

[0085] Firstly, pre-processed pieZoelectric vibrators 11 are 
arranged on a printed circuit board 15 in a manner as shoWn 
in FIG. 3A. Solder paste is applied in advance to the signal 
connection pads 153 and the ground connection pads 152. 
The pieZoelectric vibrators 11 are arranged in such a Way 
that the electrode connecting sections 112 of each pieZo 
electric vibrator are held vis-a-vis the corresponding signal 
connection pad 153 and the corresponding ground connec 
tion pad 152. The electrode connecting sections 112 are 
provided on the lateral sides facing the printed circuit board 
15 of the grounding electrode 110 and the signal electrode 
111. HoWever, the lateral side of the grounding electrode 110 
and that of the signal electrode 111 facing the printed circuit 
board 15 per se may be used as electrode connecting sections 
112 if they have a suf?cient large surface area. 

[0086] As all the pieZoelectric vibrators 11 are arranged in 
the manner as shoWn in FIG. 3B to produce a printed circuit 
board 15 carrying pieZoelectric vibrators 11 that are 
arranged along an edge thereof at a predetermined pitch as 
shoWn in FIG. 3C. A predetermined number of printed 
circuit boards 15 identical With the one shoWn in FIG. 3C 
are prepared in the same Way. 

[0087] Then, each printed circuit board 15 is put in a 
solder re?oW furnace to melt the solder paste and the solder 
layer of each connection pad so that the grounding electrode 
110 and the signal electrode 111 of each pieZoelectric 
vibrator 11 are connected respectively to the corresponding 
ground connection pad 152 and the corresponding signal 
connection pad 153. 

[0088] The above described manufacturing method pro 
vides the folloWing advantages because of the above step. 

[0089] The pieZoelectric vibrators 11 have an oblong 
rod-shaped pro?le extending in the direction of vibration. 
Therefore, they can be mounted and secured in position as 
an oblong side of each of them is placed on the correspond 
ing surface of the printed circuit board 15. 

[0090] Additionally, the pieZoelectric vibrators 11 are 
arranged in such a Way that the electrode connecting sec 
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tions 112 of each piezoelectric vibrator are held in a position 
relative to the corresponding signal connection pad 153 and 
the corresponding ground connection pad 152 and connected 
to the latter after melting the solder. This means that a 
self-alignment effect can be expected due to the surface 
tension of solder and hence the vibrators can be arranged at 
the same pitch as the arrangement of the connection pads. 

[0091] Furthermore, pieZoelectric vibrators 11 can be 
mounted on a printed circuit board 15 by means of general 
purpose techniques for mounting electronic parts of dimen 
sions of 0.3 mm><0.3 mm><0.6 mm on a printed circuit board. 
With this technique, it is possible to mount not only pieZo 
electric vibrators of the above cited dimensions but also 
smaller ones. 

[0092] NoW, another method for mounting pieZoelectric 
vibrators 11 on a printed circuit board 15 Will be described 
by referring to FIGS. 4A, 4B and 4C. 

[0093] Referring ?rstly to FIG. 4A, a plate-shaped pieZo 
electric vibrator 12 has a Width of a tWo-dimensional array 
(equal to D in FIG. 1) is provided With a grounding 
electrode 110 and a signal electrode 111 as in the case of 
pieZoelectric vibrator 11. 

[0094] The plate-shaped pieZoelectric vibrator 12 is 
arranged on a printed circuit board 15. Note that the pieZo 
electric vibrator 12 is arranged in such a Way that the 
electrode connecting sections 112 of the pieZoelectric vibra 
tor are held vis-a-vis the corresponding signal connection 
pads 153 and the corresponding ground connection pads 152 
on the printed circuit board 15 as described above. A 
predetermined number of printed circuit boards 15 identical 
With the above described one are prepared in the same Way. 

[0095] Then, each printed circuit board 15 is put in a 
solder re?oW furnace to melt the solder paste and the solder 
layer of each connection pad so that the grounding electrode 
110 and the signal electrode 111 of the pieZoelectric vibrator 
11 are connected respectively to the corresponding ground 
connection pads 152 and the corresponding signal connec 
tion pads 153. 

[0096] The plate-shaped vibrator 12 that is electrically 
connected to the corresponding components is then divided 
into unit vibrators by means of a cutting machine such as a 
dicing saW (along cutting grooves 32 to produce individual 
vibrators). The signal lines 151 on the printed circuit board 
15 are arranged at the same pitch as that of the arrangement 
of the individual vibrators so that the cutting operation is 
required only to cut the plate-shaped pieZoelectric vibrators. 
With this method of cutting a plate-shaped vibrator 12 into 
individual unit vibrators 11, it is possible to produce a 
printed circuit board 15 carrying pieZoelectric vibrators 11 
thereon that are arranged at a predetermined pitch as shoWn 
in FIG. 4C. 

[0097] In the case of FIGS. 3A through 3D and 4A 
through 4C, the signal electrodes 110 and the grounding 
electrodes 111 of the vibrators 11 and the corresponding 
connection pads 152, 153 on the printed circuit board are 
connected by means of solder. HoWever, the present inven 
tion is by no means limited to that mode of connection and 
solder may be replaced by electrically conductive paste of 
anisotropic conductive ?lm. 

[0098] Amanufacturing method having the above step can 
reduce the volume of operation of mounting pieZoelectric 
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vibrators 11 in addition to the above advantages and arrange 
pieZoelectric vibrators 11 highly accurately because a single 
plate-shaped vibrator 12 is mounted on a printed circuit 
board 15 and individual unit pieZoelectric vibrators 11 are 
produced by subsequently cutting the plate-shaped pieZo 
electric vibrator 12. 

[0099] (2) Preparation of Groups of Vibrators Arranged in 
the Form of a Matrix 

[0100] NoW, the step of forming groups of vibrators 
arranged in the form of a matrix Will be described by 
referring to FIGS. 5A and 5B. 

[0101] As shoWn in FIG. 5A, the backing member 17 is 
provided With a number of grooves 171 necessary for 
receiving respective printed circuit boards 15. A printed 
circuit board 15 carrying a roW of vibrators is inserted into 
each of the grooves 171 and the bottom surfaces of the 
pieZoelectric vibrators 11 (the sides of the signal electrodes 
of the pieZoelectric vibrators) are bonded to the backing 
member 17 to produce a group of pieZoelectric vibrators 11 
arranged in the form of a matrix as shoWn in FIG. 5B. 

[0102] The backing member 17 is typically made of 
rubber and hence can be Worked With ease. Therefore, it is 
possible to form the grooves 171 at a desired (very small) 
pitch. In other Words, With a manufacturing method com 
prising this step, it is possible to produce a group of vibrators 
arranged in the form of matrix if the pieZoelectric vibrators 
arranged on the printed circuit board 15 have very small 
dimensions. 

[0103] NoW, another method that can be used for produc 
ing a group of vibrators arranged in the form of a matrix Will 
be described by referring to FIGS. 6A, 6B and 6C. 

[0104] Referring ?rstly to FIG. 6A, a roW of pieZoelectric 
vibrators 11 are arranged on a printed circuit board 15. Then, 
an acoustic packing 17 is placed on the signal electrode side 
of the pieZoelectric vibrators 11 as shoWn in FIG. 6B and 
bonded to the latter typically by means of an adhesive agent. 
The backing member 17 has such a thickness that the sum 
of the thickness of the backing member 17 and that of the 
printed circuit board 15 is substantially equal to the pitch of 
the arrangement of vibrators. 

[0105] Printed circuit boards 15, each having a con?gu 
ration as shoWn in FIG. 6C, are then laid one on the other 
by a number greater than the number of roWs of tWo 
dimensional array transducers as shoWn in FIG. 6C in such 
a Way that the ultrasonic Wave irradiating surfaces of the 
pieZoelectric vibrators are ?ush With each other and the roWs 
and the columns of the pieZoelectric vibrators are aligned to 
form a matrix. Then, the layers are bonded together to 
produce a group of pieZoelectric vibrators 11 arranged in the 
form of a matrix. 

[0106] A manufacturing method having the above step 
makes the alignment of pieZoelectric vibrators easier than 
the method of laying one-dimensional array structures 
because it is adapted to lay plate-shaped units, each com 
prising pieZoelectric vibrators 11 and a backing 

[0107] (3) Formation of a grounding electrodes lead Wire 
and an acoustic adjustment layer and so on 

[0108] NoW, the operation of forming a grounding elec 
trode lead Wire, an acoustic adjustment layer and so on by 
referring to FIGS. 7A, 7B, 7C Will be explained. 
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[0109] As shown in FIG. 7A, caulking resin 21 is ?lled in 
the gaps separating the piezoelectric vibrators 11. 

[0110] Subsequently, as shoWn in FIG. 7B, the grounding 
electrodes 110 of the pieZoelectric vibrators 11 are exposed 
typically by grinding and a common electrode 23 is formed 
typically by evaporation or applying electrically conductive 
paste. Then, a lead Wire 24 is formed to the common 
electrode 23 apart from the leads for the signal lines. 

[0111] After forming the common electrode 23 and the 
lead 24, an acoustic adjustment layer 26 is formed on the 
common electrode 23 in a manner as shoWn in FIG. 7C. If 
necessary, the acoustic adjustment layer 26 may be divided 
for the vibrators and an acoustic lens and/or an acoustic 
coupling member may be formed on the acoustic adjustment 
layer 26. 

[0112] Finally, although not shoWn, the back surface of the 
backing members are polished and/or cut to eXpose the end 
faces of the signal lines 151 of the printed circuit boards 15 
and leads are draWn from the terminals. 

[0113] With the above manufacturing method, a tWo 
dimensional array probe is possible Without dif?culty even 
When it is made to have a large number of pieZoelectric 
vibrators and the individual pieZoelectric vibrators are made 
to have reduced dimensions because individual pieZoelectric 
vibrators 11 are mounted on printed circuit boards 15 With 
signal leads draWn therefrom and the printed circuit boards 
15 carrying vibrators 11 are arranged in parallel With each 
other to produce a tWo-dimensional array of pieZoelectric 
vibrators 11. As a result, it is noW possible to manufacture, 
at loW cost, an ultrasonic probe With a high sensitivity and 
loW inter-vibrator cross talk to realiZe a high manufacturing 
ef?ciency. 

[0114] Alternative manufacturing methods are described 
above for some of the steps. It is be appreciated that a 
tWo-dimensional array ultrasonic probe 10 can be prepared 
by selecting any of them as so long as the combined steps of 
the overall manufacturing process are coherent. 

[0115] NoW, a modi?ed tWo-dimensional array ultrasonic 
probe 10 Will be described beloW. 

[0116] FIGS. 8A and 8B are schematic vieWs of a modi 
?ed tWo-dimensional array ultrasonic probe 10. FIG. 8A is 
a schematic perspective vieW of a printed circuit board 16 of 
the second type having an arrangement for signal leads that 
is different from its counterpart of the above described 
printed circuit board 15 and mounted With pieZoelectric 
vibrators 11. FIG. 8B is a schematic cross sectional vieW 
taken along line C-C in FIG. 8A. 

[0117] As seen from FIGS. 8A and 8B, surface A of the 
printed circuit board 16 of the second type carries thereon 
signal lines 161 that correspond to respective pieZoelectric 
vibrators 11, signal connection pads 163 to be connected to 
the respective signal electrodes 111 of the pieZoelectric 
vibrators 11 and ground connection pads 162 to be con 
nected to the respective grounding electrodes 110 of the 
pieZoelectric vibrators 11. The signal connection pads 163 
are connected to the respective signal lines. On the other 
hand, surface B of the printed circuit board 16 of the second 
type carries thereon grounding lines 165 corresponding to 
the respective pieZoelectric vibrators 11. The grounding 
lines 11 and the corresponding respective grounding elec 

Jun. 20, 2002 

trodes on the surface A are electrically connected by Way of 
respective through holes 164. Asolder layer 166 is arranged 
on the surfaces of the connection pads 162, 163 for securing 
the pieZoelectric vibrators 11 in position. 

[0118] With the printed circuit board 16 of the second type 
having the above con?guration, Wires for electric signals can 
be led by Way of the signal lines 161, While the grounding 
Wires can be led by Way of the grounding lines 165. NoW, the 
operation of mounting a plurality of pieZoelectric vibrators 
11 on a printed circuit board 16 of the second type and 
providing them With lead Wires Will be described beloW. 

[0119] Firstly, as shoWn in FIG. 8A, properly dimen 
sioned pieZoelectric vibrators 11 are mounted on a printed 
circuit board 16 and the electrodes 110, 111 are connected to 
the corresponding connection pads on the printed circuit 
board 16 to produce an array of vibrators arranged in a roW. 
A lateral side of the printed circuit board 16 of the second 
type is used for connecting the grounding electrodes 110 and 
the signal electrodes 111 (see the leads of the electrodes 110, 
111 in FIG. 8B). 

[0120] As pointed out earlier, each pieZoelectric vibrator 
11 has a signal electrode 111 and a grounding electrode 110 
that are thicker than comparable ordinary electrodes. HoW 
ever, if the signal electrode 111 and the grounding electrode 
110 of each pieZoelectric vibrator 11 cannot be satisfactorily 
connected only by using a lateral side of the printed circuit 
board 16 of the second type, an electrode connecting section 
may be arranged on the corresponding lateral side of the 
pieZoelectric vibrator 11. 

[0121] In this Way, the printed circuit board 16 of the 
second type is made to carry all the pieZoelectric vibrators 
11 that are arranged in a roW. 

[0122] The subsequent steps are identical With those 
described above eXcept that neither a common electrode 23 
nor a lead 24 need to be formed. 

[0123] Note that a tWo-dimensional array ultrasonic probe 
comprising printed circuit boards 16 of the second type can 
be manufactured by any of the above described methods (1), 
(2) and (3), although it may be needless to say that neither 
a common electrode 23 nor a lead 24 need to be formed. 

[0124] Therefore, With a tWo-dimensional array ultrasonic 
probe formed by using printed circuit boards 16 of the 
second type, a signal line 161 and a grounding line 165 can 
be led out from each pieZoelectric vibrator 11 and arranged 
side by side to realiZe an arrangement With loW inter-channel 
cross talk. 

[0125] (2nd Embodiment) 
[0126] NoW, the con?guration of the second embodiment 
of the ultrasonic diagnosis apparatus and ultrasonic probe 10 
Will be brie?y described. This embodiment of the ultrasonic 
probe 10 comprises pieZoelectric vibrators having an imped 
ance or frequency band adapted to ultrasonic Wave trans 
mission and those having an impedance or frequency band 
adapted to ultrasonic Wave reception. In other Words, this 
embodiment of an ultrasonic probe shoWs an improved 
higher harmonics receiving ef?ciency as a result of using 
separate pieZoelectric vibrators for Wave transmission and 
reception. 
[0127] FIG. 9 is a schematic perspective vieW of the 
embodiment of ultrasonic probe. As shoWn in FIG. 9, the 




















